SUMMARY The hemodynamic and clinical data of 42 patients with chronic significant aortic regurgitation and 31 normal subjects were examined. Of the patients with aortic regurgitation, 28 had a third heart sound (S,) gallop 
PATIENTS with aortic regurgitation (AR) can redistribute blood flow and increase forward effective stroke volume by reducing the regurgitant volume during exercise.' Therefore, they may remain asymptomatic for many years, even in the presence of significant left ventricular (LV) dysfunction,2 and cardiac decompensation is usually far advanced by the time radiographic enlargement, wide pulse pressure and electrocardiographic abnormalities become apparent. 3 Furthermore, the impairment in ventricular performance is frequently irreversible and may not improve significantly despite aortic valve replacement.4 6 A higher perioperative and late surgical mortality and increased morbidity has been described in patients with AR and associated congestive heart failure,6 cardiomegaly on preoperative chest x-ray,7 depressed ejection fraction,8 and increased LV end-systolic volume (ESV)9 or end-diastolic pressure (EDP). 10 AR is usually easily diagnosed and quantitated at the bedside."' 12 However, the clinical recognition of early LV dysfunction is difficult despite the use of accepted noninvasive techniques. '3-15 The ventricular (S) gallop, which has been acknowledged as an indicator of cardiac decompensation for a century," '6 17 has uncertain significance in patients with chronic, isolated AR without overt congestive heart failure. While some authors have associated this sound with LV dysfunction,18 21 others believe it only reflects more severe degrees of regurgitation,"' 22-25 or have not examined its significance in patients with AR.2v38 Few published hemodynamic data are available in such patients.36"38 The present study was designed to evaluate the meaning and clinical value of the S3 gallop in patients with AR.
Materials and Methods
The records of 55 consecutive patients with chronic, hemodynamically significant AR (greater than 25% regurgitation) were examined retrospectively and prospectively. All patients were referred to the Medical College of Georgia for cardiac catheterization, cineangiography and possible aortic valve replacement on the basis of established clinical criteria. 39 The following were considered as grounds for exclusion of 13 patients from the study: unsatisfactory LV cineangiograms that prevented reliable estimates of chamber volume and function in three, diastolic hypertension of greater than 90 mm Hg in two, more than trivial mitral regurgitation or stenosis in two, aortic stenosis with a calculated valve area of less than 2 cm2 in two, significant coronary artery disease with angiographic evidence of greater than 50% diameter narrowing of any major coronary artery in one patient, atrial fibrillation in one, and lack of documentation by one or more senior cardiology faculty members about the presence or absence of an audible S3 gallop in two patients. Forty-two patients, 35 male and seven female, qualified for inclusion. The patients ranged in age from 16-65 years (mean 36 years). Twenty-four patients had a congenital bicuspid aortic valve. Fourteen had a history of rheumatic fever and one a history of infective endocarditis. Two patients had Marfan's syndrome and one had probable luetic heart disease. A separate group of 31 patients (mean age 31 years) with atypical chest pain underwent diagnostic catheterization and were found to be free of organic heart disease; they were the normal control CORRELATES OF S3 GALLOP IN AR/Abdulla et al.
subjects. The New York Heart Association (NYHA) functional classification40 was used to grade symptoms.
The arterial systolic and diastolic blood pressures (BPs) were measured at rest with a sphygmomanometer. Standard 12-lead ECGs were interpreted by the criteria of Romhilt and Estes,4' five points being diagnostic and four suspicious for LV enlargement. The transverse diameter of the heart was evaluated with chest x-ray films taken at a standard distance of 6 feet and the cardiothoracic ratios were calculated. Twenty-nine patients underwent exercise stress testing using the Bruce treadmill protocol. 42 Published data for normal middle-aged men and women,' 44 supplemented by our own unpublished data for younger patients, were used for comparison. 
Clinical Data
Of the 42 patients with AR, 31 were in NYHA functional class II and the rest were in class III. Twenty-five patients had a systolic BP greater than 140 mm Hg, and 11 had a diastolic BP of 40 mm Hg or lower. Twenty-six patients had an S, gallop. No patient had clinical evidence of circulatory congestion.
The ECGs of 26 patients fulfilled the criteria for LV enlargement (five or more points), while 14 had four points. The chest roentgenograms revealed a normal (< 0.5) cardiothoracic ratio in 1 1 patients. In 16 the ratio was 0.51-0.59, and in 15 it was 0.60 or greater.
Exercise stress testing was conducted in 29 patients with AR. The endurance time was within 1 standard deviation of the mean expected normal in 18 patients and more than 2 standard deviations below the expected mean normal in 11 patients.
When the 28 patients with an S, gallop were compared with 14 patients without an S,, the frequency of LV enlargement by ECG was not significantly different in the two groups. Also, no significant differences were found in the mean NYHA functional class, cardiothoracic ratio by x-ray, age-corrected exercise tolerance on treadmill stress testing, or systolic BP. However, patients with S, gallops had a significantly lower diastolic and wider pulse pressure than those without an S, (both p < 0.02).
Hemodynamic Data
The mean percent regurgitation of total aortic valve flow in 28 patients with an S, gallop was not significantly different from that of 14 patients without an S3 gallop (56 ± 9% vs 53 ± 4%). Also, there was no significant difference in the mean effective cardiac index (as calculated by the Fick method) between normal subjects and patients with or without an S, gallop ( To test the sensitivity and specificity of the S3 gallop in regard to abnormal LV performance characteristics, we compared the hemodynamic data of patients with AR with data of 31 normal subjects. An abnormal ESVI was defined as a value greater than 2 standard deviations above the normal mean. An abnormal ejection fraction and LVSP/ESVI index were defined as values less than 2 standard deviations below the respective normal mean ( 48 Both of our patients who developed an Ss gallop during the study period expanded their ESV and decreased their contractility index to an abnormal degree while maintaining a normal ejection fraction.
The ideal timing of prosthetic valve replacement is controversial.68365 Despite significantly improved operative techniques, durability, and flow characteristics, the long-term morbidity and mortality after surgery remains high enough to discourage routine valve replacement in asymptomatic patients with significant AR.6' On the other hand, the onset of symptoms often signifies overt and irreversible ventricular dysfunction, reducing the potential benefits of surgery.65'" Also, the 3-year mortality after valve replacement in patients with AR and a depressed ejection fraction is more than 35%9,67, 66 which is over three times greater than that in patients -with normal LV function. 67 Apparent limitations of the present study need clarification. First, the separation of patients on the basis of auscultation alone is dependent upon the clinical skills of the examiner, with an unmeasurable element of subjectivity. Second, the lack of hard data in the form of phonocardiography may be distressing. We justify the absence of phonocardiograms In our study because appropriate filter settings permit the recording of an S8 in all patients with significant AR,38
and also in many normal subjects, even in the absence of an audible S,'69 Audibility of the S8 gallop, in the proper context, invariably implies organic heart disease. 70 We therefore decided to sacrifice sensitivity to preserve specificity. Another apparent limitation is the younger mean age of our patients with S8 gallops. Young subjects would be more apt to have a physiologic SB, so one might encounter young patients with AR, an S,, and normal LV size and function. However, this combination was not seen in any of our patients. Moreover, the failure of the pathologic S8 to be reduced in intensity or disappear when the patient assumes an upright position is a useful screening procedure.7'
Our study shows that the S8 gallop is a highly specific and sensitive marker of LV dysfunction in patients with chronic AR, with 100% predictive accuracy, and that the sound correlates well with LV cineangiographic parameters of impaired LV performance. Moreover, we feel that careful auscultation for, and detection of, an S8 gallop may have an important role in selecting patients for cardiac catheterization and possible aortic valve replacement. This role is particularly important because serial cardiac catheterization is impractical, and single echocardiographic measurements of LV dimensions and function indexes are clinically unsatisfactory and may be misleading in patients with AR.18 14 69 Also, the validity of serial echocardiographic studies has not been satisfactorily documented by comparison with LV cineangiography, the standard for evaluating cardiac performance.72 The long-term prognosis of patients with an S8 gallop needs further evaluation.
